To describe the pattern of associations with sunscreen use of sun protection attitudes and knowledge in a large sample of New Zealand outdoor workers. We also examined the relationship between perceived skin type and perceived risk of developing skin cancer. Methods: Outdoor workers from nine occupational groups (n=1,131) completed a questionnaire, which included measures of skin cancer related risk perceptions, knowledge and sunscreen use. Results: Sunscreen use was associated with perceived prioritization of sunprotection, concern about sun-exposure, knowledge about the effects of sun-exposure and perceived supportive workplace culture. These variables accounted for 37% of the variation in sunscreen use. Maori, younger workers and forestry workers least likely to report sunscreen use and sun-exposure risk perception. Conclusions: Interventions that strengthen knowledge about risks and values of sun protection are likely to increase sun protection efforts. However, interventions for outdoor workers need to take into account potential socio-demographic, personal and workplace influences are required to prevent the risk of developing non-melanoma skin cancers within this population group.
Skin cancer is the most common cancer, worldwide, with non-melanocytic skin cancers (NMSC) accounting for around 30% of all newly diagnosed cancers and placing a substantial burden on health services 1) . In New Zealand (NZ), among a population of approximately 4M., an estimated 45,000 to 70,000 new cases of NMSC are diagnosed each year 2) , mostly either basal cell carcinoma or squamous cell carcinoma. Basal cell carcinoma is a malignancy of the basal cells that seldom metastasizes, but can cause significant disfigurement, whereas squamous cell carcinoma is a malignancy of the keratinocytes which has the potential to metastasize, if untreated. Both types are associated with excessive exposure to solar ultraviolet radiation (UVR), but whereas basal cell carcinoma is most strongly linked to intermittent exposure and sunburn, squamous cell carcinoma is most strongly linked to total and occupational exposure 3) . Cutaneous malignant melanoma, is most strongly associated with severe intermittent UVR exposure and, although a considerably less common form of skin cancer, it is more likely to prove fatal due to its potential to metastasize 4) . Overall, those who experience excessive exposure to UVR, have lower levels of skin pigmentation 4, 5) , a history of episodes of sunburn, and non-malignant solar skin damage 3) are most vulnerable to skin cancer.
Although at least one study has failed to find any evidence of association between occupation and skin cancer in an Australian population 6) , other studies have found that the risk of developing skin cancer is related to the amount of time spent outdoors while inadequately protected against harmful sun exposure 6, 7) . Outdoor workers are considered to be at a particularly high risk of developing NMSC, especially those with fair skin who do not use effective sun protection 7) . This higher risk of developing NMSC is considered due to their occupational sun exposure which is in addition to the relatively high levels of recreational sun exposure and lower use of effective sun-protection reported [6] [7] [8] . Improving sunprotection among outdoor workers is an identified public health and occupational health issue in NZ 9) , Australia 10) , and elsewhere 3) . Outdoor workers make up a significant proportion of the New Zealand workforce, (estimated at 14.5%) 11) , and research from other sources suggests that they may tend to be reluctant users of sun-protection and not well informed of the negative effects of excessive sunexposure 8, 12) . As excessive sun exposure is a primary predictor of skin cancer, the study reported here investigated, for the first time in NZ, how outdoor workers perceived their personal risk of developing skin cancer, and how these perceptions related to one method of sunprotection sunscreen use. Self reported sunscreen use was used as an indicator of sun exposure awareness and behaviour that was considered likely to be readily recalled.
In addition to demographic factors, such as age group, gender and ethnicity, other personal and workplace factors are likely to contribute to outdoor workers' perceptions of workplace sun-exposure and perceptions of risk of developing skin cancer 12, 13) . Workplace cultures and sun protection policies are likely to play a role in shaping risk perceptions and sun protection use 13) . To this end, the study addressed the following objectives to assess: (1) factors associated with outdoor workers' (a) appraisals of their personal risk of developing skin cancer; (b) use of sunscreen; and 2) the effects of socio-demographic variables (gender, ethnicity, age, education) in order to inform the design and targeting of possible interventions. The following hypotheses were proposed:
i. That skin cancer risk perceptions differ significantly according to key demographic characteristics (age, gender, ethnicity, occupational group and educational level);
ii. That sunscreen use is positively associated with high perceived priority of sun-protection; low perceived resilience to sunburn; high concern about skin cancer; low preference for sun tanning; and low perceived knowledge about skin cancer.
Methods

Sample selection
Nine outdoor occupational groups were selected on the basis of their high potential for excessive sun exposure (Table 1) . A clustered survey design was employed and suitable businesses were randomly selected from current trade directories (Yellow Pages TM and UBD.co.nz), given the lack of a database of outdoor occupations. Workplaces were initially contacted by a letter to the manager / CEO outlining the study intentions and requirements for participation. Follow-up phone calls were subsequently conducted to ascertain consent from the manager to send questionnaires for completion at work. Follow-up phone calls were made to discuss the participation criteria. Farmers were accessed, on site, at regional livestock sale venues. Workplace eligibility criteria included working outdoors for at least 50% of any standard working week (37.5 h).
Instrument and measures
An anonymous, self-completed 40-item questionnaire sought information on socio-demographic characteristics including gender (male=0, female=1); age group (16-30 yr=0, 31-50 yr=1, 51-60+ yr=2); self-identified ethnicity (Maori=1, NZ European=2, Pacific Island=3, Asian=4, 'other'=5); and education level (secondary=0, tertiary=1).
Measures of outdoor workers' sunscreen use, sun exposure and perceived risk of developing skin cancer measures were either from established scales or new measures developed from a previous qualitative study 14) . The outcome measure, sunscreen use, was assessed by two questions: "Do you use sunscreen when you work outdoors in summer?" and "Do you use sunscreen when you work outdoors in winter?" Both items were rated on a 5-point scale from "never" to "nearly always" and the items were summed to create a total sunscreen use score. The measures ranged from 2 to 10, and a mean of 4.2, SD=2.0.
Independent variables included in the analysis were perceived skin type (e.g. "what best describes your skin after being in the sun without sun protection") 11) with response categories on a four-point scale from "It always burns" to "it rarely burns"; perceived resilience to sunburn sun exposure (e.g. "My skin has become more resistant to the sun"); concern (e.g. "I am not concerned about my skin being burnt while at work"); prioritization of sun protection (e.g. "There are more important things to worry about than getting sunburn"); attitudes towards sun tanning (e.g. "I feel more healthy with a tan"); workplace support (e.g. "Remembering to use sun protection has a high priority within my workplace"). Each measure was assessed using a 5-point Likert-type scale ranging from "strongly agree" to "strongly disagree". Perceived knowledge assessed the extent to which the participants perceived they held knowledge on a range of skin cancer risk factors (e.g. "thinking about skin cancer, how much do know about...how the sun affects the skin"?). A threepoint Likert-type scale ranged from "nothing at all" to "a lot". The language and concepts were pre-tested with a sample of outdoor workers (n=150) to guide those used in the final questionnaire.
Procedures
Each workplace was sent information sheets, consent forms and questionnaires with pre-paid, self-addressed envelopes for return. Each participating workplace was sent sufficient questionnaires to cover all outdoor workers who would be available to complete at questionnaire, that is, the number of people who worked at least half their work time outdoors. The majority of workers completed the questionnaire (approx. 20 min) on-site, either in a work-break, at a scheduled meeting time, or in actual work time during the NZ summer between February and April 2004. Up to three follow-up phone calls were made to encourage the return of questionnaires. Farmers were surveyed, on site, at regional livestock sale venues. 
Analysis
Descriptive data analysis was conducted using ANOVA to identify significant differences in gender, age, ethnicity and education across each of the independent measures (perceived skin type, perceived resilience, concern, perceived prioritization, attitudes towards sun tanning, workplace support and perceived knowledge). Multiple linear regression analysis was then conducted to determine the association between each of the independent measures on the main outcome measure (sunscreen use), after controlling for socio-demographic variables and occupational group.
Results
Of 1,808 workers identified as eligible for inclusion in the study, 1,538 were present at work on the day of the survey. From this group, 1,283 workers from nine occupational groups participated, producing a participation rate of 83%. Participation within occupational groups ranged from 79.4% (landscaping) to 60.5% (viticulture). The distribution by key demographic characteristics across the occupational groups is presented in [ Table 1 ]. The mean age of participants was 37 yr, ranging from 16 to 75 yr.
Analysis of variance between key variables
Perceived skin type: As shown in Table 2 , Younger workers were more likely to report that their skin was least likely to burn compared to their older colleagues, and similarly with males compared with females and those with lower educational attainment. Workers of Asian ethnicity were more likely than other ethnic groups to report that their skin was likely to burn when exposed sun. There was no evidence of a statistically significant difference between occupational groups for perceived skin type. Perceived resilience: Males were more likely to report greater resilience to sun-exposure compared to females, younger workers compared to older aged workers and forestry workers compared to workers from all other occupational groups, and Pacific and Asian workers compared to workers from other ethnic groups. However, no significant main effects were identified for educational level. Concern about sun exposure: Females were more concerned about the effects of sun-exposure than males, as were older aged workers compared to younger workers. NZ European workers were significantly more concerned about the effects of sun exposure compared to workers from all ethnic groups. Workers from the forestry industry were more concerned about sun exposure compared to workers from all other occupational groups. Perceived prioritization: Male workers reported lower priority of sun protection at their workplace compared to the female as did younger aged workers compared to older workers and workers with a lower educational level. Forestry workers were least likely to report that using sun protection at work was a priority. Workplace support: Female workers were more likely to report higher workplace support than males, as did workers with a higher educational level compared to workers with a lower educational level. Postal and landscaping workers were more likely to report strong workplace support for use of sun protection compared to workers from other occupational groups. Perceived knowledge: Females reported higher knowledge than males, older than younger workers, those with a higher educational level compared those with a lower level, and landscape gardening workers than other occupational groups, whereas Asian participants reported significantly lower general knowledge about skin cancer compared to participants from all other ethnic groups.
Multiple regression analysis
Outcome variable: sunscreen use Female workers (F(1, 838)=86.88, p=0.001) and older workers (F(2, 823)=4.15, p=0.016) were significantly more likely to use sunscreen than males and younger workers, respectively. Workers with higher education were significantly more likely to use sunscreen than those with lower education (F(1, 811) After controlling for all socio-demographic variables, several risk perception variables showed a strong and independent association with sunscreen use [Table 3 ], specifically, perceived priority (p=0.001), concern (p=0.001), workplace support (p=0.000), and knowledge (p<0.001). Interestingly, perceived skin type (p=0.256), higher perceived resilience to sun exposure (p=0.302) and positive sun tanning attitudes (p=0.097) were not significantly associated with sunscreen use. After controlling for the effects of age, gender, ethnic group, education and occupation, 37% of the total variance for sunscreen use was explained by this model.
Discussion
This study of a large sample of workers from nine outdoor occupational groups was the first such study carried out in NZ. The findings provide support for the first study hypothesis that significant differences would be found between occupational and social demographic groups across each of the independent variables and the main outcome, sunscreen use. The second hypothesis, that personal factors would be associated with sunscreen use, was partially supported with three of the seven independent variables entered into the multivariate model showing a significant association with the outcome measure, namely, perceived prioritization of sun protection at work, greater concern about the effects of sun-exposure, perceived workplace support for sun protection, and more accurate knowledge about the effects of sun-exposure. It is important to note that self assessed skin type and perceived resilience to sun exposure were not found to be associated with sunscreen use. Significant differences between occupational groups were observed, with workers from the viticulture, landscaping and postal industries reporting greater sunscreen use compared with other occupational groups, after controlling for potential demographic confounders (age, gender, ethnicity and educational level). The more equitable gender ratio evident within the postal industry (61% female) did not explain the difference found for this group.
A significant main effect for gender was observed across all risk perception measures, and for sunscreen use. The predominance of male outdoor workers is likely to shape or impact on the dominant culture of most workplaces. Within other risk contexts, females are notably more likely to report undertaking preventive health behaviours compared to males, due in part to higher perceptions of vulnerability, severity of the risk outcome, and levels of worry or concern about the consequences of the risk behaviour 15) . Other studies have also found that males and younger age groups are at increased risk of drowning due to their propensity to underestimate risk and overestimate ability to cope with that risk 16) . The younger workers were more likely than their older colleagues to have less protective attitudes and, in addition, with the exception of workers in the oldest age group, were less likely to use sunscreen, -thereby following a similar pattern to the observed sex differences.
Males and young people have been identified in other contexts as tending towards reporting lower risk appraisals and higher coping appraisals 15, 16) . Furthermore, young people are more likely than older adults to value the perceived short-term benefits of sun tanning and hold misconceptions about personal resilience to sundamage 13) . Studies of sun-protection behaviors in other populations have found evidence of optimistic bias when assessing the personal risks associated with excess sun exposure. Adolescents, for example, are particularly susceptible to underestimating the risks associated with sun tanning 17) . This study found that being employed in a workplace that was perceived to be supportive of using sunprotection was positively associated with sunscreen use. Females, older workers and workers of NZ European ethnicity were more likely to report that their workplaces were supportive compared to other groups, indicating opportunities for improving communication and support to workers from other groups, in particular the young males who represent a large proportion of the outdoor workforce. It has been suggested that interventions need to work from a workplace structural level to support effective sun-protection interventions 18, 19) . Parrot and colleagues argue that health interventions aimed at adapting to health risks (such as excess sun exposure) through a behavior adaptation approach are more likely to be successful than those aiming to promote risky behaviour avoidance. Occupational sun exposure is an inherent risk within outdoor occupations; modifying work shift to avoid peak UVR is often not a viable option, but increased use of sun-protection is an adaptive behaviour effective in reducing the risks associated with excessive UVR exposure 19) . Morris and Elwood found that sun protection interventions tended to focus on knowledge and attitude change rather than changing actual sunrelated behaviour 20) . Given the significant role of workplace support in undertaking sun protection at work, it appears that any effective intervention should involve a multifaceted approach, addressing both personal (level of awareness and concern about skin cancer) and workplace (policy, provision of sun protection appropriate to the tasks and supportive work culture) would be key factors in facilitating positive perceptual and behavioral change 21, 22) . The study results should be considered in light of some limitations of the study and its design. First, sunscreen is not the recommended first line of defense against excessive sun exposure, particularly at work where protective clothing (e.g. a hat) is usually more important, and appropriate protective clothing may differ between occupations for practical reasons. Indeed, sunscreen use has been implicated as a possible predictor of melanoma with the rationale that its use encourages over-exposure to UVR beyond reasonable sun-protection capacity 22) . However, as a proxy measure of sun-protection and awareness of sun exposure it is a readily measurable indicator. Anecdotal evidence suggests that sunscreen use remains the most common form of protection for most outdoor workers, despite other methods being more appropriate and effective. This may reflect a historical over-promotion of sunscreen and the corresponding pervasive public response to sun-exposure, especially in contexts where sun avoidance and shade are not readily available options. Second, data on non-responders were not-systematically collected, therefore we cannot rule out selection bias in sampling. Despite the large sample size, selection bias is also possible in that only workers who were present at work on the day of sampling were invited to participate. It is possible, therefore, that those who participated may have been less likely to undertake risky behaviours, resulting in an overestimate of sunscreen use. The study achieved a high response rate representing key outdoor occupational groups, however, as we used stratified analysis a larger sample was required to achieve sufficient statistical power to detect effects. Thirdly, future studies should also tackle the role of general working conditions (e.g. time and performance pressures, other concurrent chemical or physical exposures) on sunscreen use. Finally, there is a need to investigate the use of protective strategies other than sunscreen use, such as protective clothing and shade.
Overall, the results of this study provide support for the importance of assessing the role of underlying risk cognitions and workplace support in improving adherence to sun-protection within the workplace. The workplace environment is likely to play a critical role in normalizing (providing sun-protection options) and reinforcing (via policy and provision of sun protection option) the mandatory use sun-protection while at work. However, a recent systematic, evidence-based review of the literature on reducing harmful UVR exposure in workplace settings noted a lack of evidence for the effectiveness of current workplace sun protection programmes 23) . The authors concluded that there remains a clear need for well-designed, comprehensive interventions to be evaluated. The findings of the present study should make a potentially useful contribution to informing the content of such interventions.
